Introduction
Further alignment analysis on the 1.1 kbp exon sequences of this region revealed that 145 extensive sequence polymorphisms were concentrated in the divergent 8 (D8) domain 146 (Hassouna et al. 1984) , which starts from 2135 to 2326 nt of the LSU rDNA of the 147 NGY ( Fig. 1c) : nucleotide substitutions among the eight populations occurred in 65 148 positions within the D8 domain that is 192 bp in length, while that in the remaining 965 149 bp 5'-upstream of the D8 domain was observed only in 69 positions (Fig. 4a) . 150 Secondary structural analysis on the domain indicated that the region formed a typical 151 Y-shaped structure of the D8 domain, with D8a and D8b helices (Michot and 152 Bachellerie 1987) (Supplemental Figure 1) , and that most of the sequence 153 polymorphisms occurred in the D8b helix (Fig. 4b) . 6 Niwa et al.
Based on the fact that the D8 domain harbors intraspecific polymorphisms, 155 three to four clones of the 1.1 kbp exon sequences of LSU rDNA, including the domain 156 ( Fig. 1c ) from each of the eight field populations, were subjected to phylogenetic harbored the Pbr.L1064 (a rare intron found only in this population) formed an 170 independent cluster related to the Akita and Fukushima populations. It is also 171 noteworthy that sequence polymorphisms were observed not only among the 172 geographic populations but also within the individual populations. 173 174 Characterization and polymorphisms of the introns in large subunit rDNA 175 176 The Pbr.L1064 and Pbr.L1094 in the LSU rDNA were characterized as group I introns 177 according to primary and secondary structural analyses, as follows: i) the occurrence of 178 group I introns in the same positions is known in other organisms (Jackson et al. 2002); 179 ii) the last exon and intron bases were uracil and guanine, respectively (Cech 1988); and 180 iii) all of the paired elements P1-P10 (Burke et al. 1987; Cech et al. 1994; Michel and 181 Westhof 1990) were found through the secondary structure predictions (Fig. 6a, b ).
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Pbr.L1064 and Pbr.L1094 were further classified into subgroup IC1, which possesses a 183 bulged nucleotide A in the P7 helix and the P2.1 and P5abc helices (Michel and 184 Westhof 1990). 185 The LSU rDNA intron sequences of three clones from each of the six 186 populations were subjected to phylogenetic analysis (Fig. 7) . The type of introns and 187 geographic isolation of the populations were also reflected in the tree topology to the 188 same extent as in the phylogeny of the exon sequences of the partial LSU rDNA, i.e., 189 the Pbr.L1064 found only in two clones of the Matsuzaka population formed an Keeling (2004) and Cavalier-Smith and Chao (2003) , in which the sequences of actin 210 and polyubiquitin and that of the SSU rDNA were used as taxonomic markers. 211 The complete sequence of the rDNA repeat unit obtained in the present study is 212 actually a 'conceptual assemblage' of seven PCR fragments that may originate from 213 different genotypes/rDNA copies within the population NGY. However, we consider 214 that the nucleotide sequence, at least all except for the IGS region, would provide 215 sufficiently realistic information about a representative sequence of one particular 216 genotype/rDNA copy of the population for the following reasons: i) the SSU rDNA, 217 ITS, and 5' end of LSU rDNA regions that were covered by four PCR fragments ( the helix is likely to evolve more rapidly in this organism. 254 The newly found introns in the LSU rDNA also showed intraspecific 255 polymorphisms, reflecting geographic isolation, in contrast to those in the SSU rDNA, 256 which are highly conserved within the species. Furthermore, it is of particular interest 257 that the phylogenetic relationships among the populations revealed by the intron 258 sequences were quite consistent with those revealed by the exon sequences that include 259 the D8 domain, even though the introns were located more than 600 bp upstream of the fungi, likely due to multiple insertions of perfect and/or imperfect copies and deletions. 268 The IGS region of P. brassicae, however, was successfully cloned only in the NGY, 269 suggesting that the region in other populations may also contain several palindrome 270 sequences and AT-rich regions as found in the NGY, and that these primary structures 271 might interfere with PCR amplification. Although it has been generally accepted that 272 the IGS region has strong potential as a molecular marker for the population biology of 273 eukaryotic microorganisms, its practical application to P. brassicae seems difficult. 274 The D8 domain and introns in the LSU rDNA showed sequence variation not 275 only among the geographic populations but also within individual populations. These 276 sequences were obtained from genomic DNA prepared from multiple galls collected 277 from each of the populations, and under these conditions, two possible interpretations 278 for the observed variation are considered. One is that the field populations of P. The present study provides new information about intraspecific sequence 290 polymorphisms in the rDNA repeat unit of P. brassicae. The sequences of the D8 291 domain and newly found group I introns in the LSU rDNA showed extensive sequence 292 variation, reflecting geographic isolation. The IGS region was also expected to harbor 293 polymorphisms, although the sequence could not be compared among the geographic 294 populations in the present study. We conclude, however, that using an exon sequence as 295 a molecular marker for discrimination of field populations/isolates is more reliable and 296 practical than using a long non-coding region such as IGS, because a short polymorphic 297 region is generally located between conserved regions, for which reliable PCR primers 298 could easily be designed (e.g., the D1 and D2 regions of LSU rDNA that can be 
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Numbers at the branches are maximum likelihood bootstrap values (left) and posterior 649 probabilities (right), and only those higher than 50% and 0.50, respectively, are shown. 650 The Pbr.S516 intron (subgroup IE) in the SSU rDNA was employed as the outgroup. Supplemental table 1 PCR primers and annealing temperatures used for sequencing the ribosomal RNA gene repeat unit of Plasmodiophora brassicae.
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